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DYNAMIC MANAGEMENT OF SIGNAL
ROUTING CAPACITY FOR SATELLITES
USING A DIGITAL TRANSPARENT
PROCESSOR HAVING RAPID
RECONFIGURATION

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International patent
application PCT/EP2010/064617, filed on Oct. 1, 2010,
which claims priority to foreign French patent application
No. FR 09 05402, filed on Nov. 10, 2009, the disclosures of

cach of which are incorporated by reference 1n their entireties.

FIELD OF THE DISCLOSED SUBIJECT MATTER

The present invention relates to the field of commumnication
satellites including a digital processor.

The mvention relates more precisely to a device for man-
aging signal routing in a satellite of this type, 1.e. including a
digital processor and in particular a digital transparent pro-
CEeSSOr.

BACKGROUND

The role of communication satellites 1s essentially to
retransmit after amplification signals transmitted by transmit-
ter ground stations on uplinks to receiving ground stations via
downlinks. Thus a satellite of this kind regularly recerves a set
of incoming signals, corresponding to “uplink™ signals, trans-
mitted by the transmaitter ground stations and distributed over
a set ol input channels of the satellite and, 1n accordance with
a predetermined configuration, routes those signals to output
channels: a set of outgoing signals 1s then transmitted by the
satellite to the receving ground stations. In this context one
refers to routing signals on board the satellite via the digital
processor with which 1t 1s equipped. The configuration for
routing signals 1n present-day satellites 1s most often static.
Thus once set up by the satellite 1t 1s unchangeable or at the
least slowly reconfigurable.

Satellites currently 1n use sometimes nclude analog pro-
cessors. Such processors generate routes linking input chan-
nels to output channels that conventionally have a bandwidth
in the range 5 to 50 MHz. However, satellites being developed
now may include digital processors, notably enabling each
satellite to handle a greater number of channels, smaller and
more programmable bandwidths, and making 1t possible to
increase connectivity between inputs and outputs.

In the context of the invention, of particular relevance are
communication satellites including digital transparent pro-
cessors. As 1s known 1n the art, a digital transparent processor
1s a digital processor that enables each incoming channel to be
divided into sub-channels of variable width, typically in the
range from a few hundred kHz to a few MHz. Moreover, the
qualifier “transparent” i1s the opposite of “regenerative’”:
regenerative processors carry out processing aiming to
demodulate the transmitted signals; this 1s not the object of a
digital transparent processor, which does not modify the form
of the recerved signals.

Accordingly, some recent satellites have digital transparent
processors enabling routing and control of any 1nput sub-
channel to any output sub-channel. This also enables optimi-
zation of the gain required for each signal on each sub-chan-
nel.

In this context, the main failing of present-day technolo-
gies 15 that the digital transparent processors used are static or
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quasi-static. In other words, reconfiguring the routing of sig-
nals on board present-day satellites, even the most recent
ones, 1s very slow: 1t 1s impossible to change 1t several times
per second, whereas the uplink signal to the satellite may, in
some cases, change frequency at a rate much higher than once
per second. It 1s therefore impossible for the digital processor
to track the instantaneous evolution of the received signal.

SUMMARY

An object of the mvention 1s to remedy this major draw-
back. Thus to provide the possibility of reconfiguring the
routing of signals on board communication satellites in real
time, the present mvention proposes to use instead of the
present day digital transparent processors that are not recon-
figurable or slowly reconfigurable so-called agile digital
transparent processors.

To this end, the mvention provides a signal routing device
for satellites, including a digital transparent processor and
ecnabling reception at a set of mputs of a set of incoming
signals transmitted by transmitter stations and transmission,
via a set ol outputs, of a corresponding set of outgoing signals
to recerving stations, 1n accordance with a configuration for
routing the signals, used by said digital transparent processor,
said inputs being associated with a set of imput channels and
sub-channels and said outputs being associated with a set of
output channels and sub-channels, said signal routing con-
figuration making 1t possible to determine a set of routes
linking, via connecting electronic means, at least one 1mput
channel or sub-channel associated with at least one input via
which an mcoming signal 1s received to at least one output
channel or sub-channel associated with at least one output via
which an outgoing signal 1s transmitted, characterized 1n that
the digital transparent processor has a capacity for rapid
reconfiguration of signal routing at a high reconfiguration
frequency exceeding ten hertz so that the route between an
input channel or sub-channel and an output channel or sub-
channel may be modified at a frequency equal to said recon-
figuration frequency, and 1in that the device further includes
means making use of said capacity for rapid reconfiguration
ol signal routing.

In one embodiment of the invention the routing reconfigu-
ration frequency 1s in the range from one kilohertz to twenty
kilohertz.

The means for making use of the capacity for rapid recon-
figuration of signal routing are advantageously essentially
constituted of an onboard equipment in the satellite adapted
to execute a computer program cooperating with said digital
transparent processor.

The device according to the invention advantageously fur-
ther includes means for synchronizing rapid reconfiguration
of signal routing to a frequency changing law of the incoming
signals transmitted by one or more transmitter stations con-
figured 1n frequency hopping mode.

In a preferred embodiment of the mnvention said means for
synchronizing rapid reconfiguration of signal routing to a
frequency changing law for incoming signals transmitted by
one or more transmitter stations configured 1n frequency hop-
ping mode comprise a dedicated high-speed communication
link enabling said transmitter stations configured in fre-
quency hopping mode to communicate to said means mnstruc-
tions for rapid reconfiguration of signal routing adapted to
said frequency changing law.

The dedicated high-speed commumnication link described
above advantageously enables a communication data rate of a
few megabits per second.
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In one embodiment of the invention a plurality of incoming,
signals that must take the same route may be grouped in such
a manner that only one outgoing signal corresponding to said
grouped mcoming signals 1s transmitted.

In the device according to the invention, for each route, the
connection electronic means may comprise a chain of elec-
tronic components aiming at providing the following func-
tions:

filtering the mncoming signals to extract those signals and

produce first intermediate signals;

controlling the power of the first intermediate signals in

such a manner as to produce second intermediate sig-
nals:

changing the frequency of the second intermediate signals

in such a manner as to produce third intermediate sig-
nals:

controlling the gain of the third intermediate signals in

such a manner as to produce outgoing signals with the
required power.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features and advantages of the invention will become
apparent 1n the light of the following description with refer-
ence to the appended drawings, 1n which:

FIG. 1 1s a simplified diagram of an example of signal
routing by analogue processing 1n a prior art satellite;

FIG. 2 1s a diagram of an example of a known use of a
“static” digital transparent processor for routing signals on
board a communication satellite; and

FIG. 3 1s a diagram used to explain 1n simple terms the
principle of the mvention, based on the use of an “agile”
digital transparent processor.

DETAILED DESCRIPTION

FI1G. 11s adiagram used to explain the operation of present-
day conventional payloads in relation to transparent technol-
ogy communication satellites, conforming to the definition of
the qualifier “transparent” given hereinabove. In FIG. 1 1t 1s
seen that present-day conventional payloads are equipped on
cach of their channels with different microwave equipments
disposed between the access A of the satellite, corresponding
to an mput of the satellite associated with an input channel,
and the output S, associated with an output channel, from
which a signal 1s transmitted to the ground. Said microwave
equipments are generally:

a filter device F for filtering the signal entering the satellite;

a power control device P;

a device FQ for modifying the frequency of the signal;

a device G for managing the gain applied to said signal to

transmuit 1t to the ground;

possibly, a power measurement and automatic gain control

device, which therefore controls the output power level;
and

possibly, a device for linearization or pre-distortion of the

signal.

Moreover, the incoming signals may have necessitated
demultiplexing whereas reciprocally the outgoing signals
may have been multiplexed.

Accordingly, 1n prior art payloads, all operations effected
on board the satellite, namely, as explained above, possibly
changing frequency, limiting the power of the received sig-
nals, or managing the gain applied to those signals, 1s effected
at the level of each of the channels. This 1s disadvantageous
because the required bandwidth for each channel may typi-

cally be of the order of 20 MHz to 40 MHz or more. The other
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failling lies 1n the fact that the operations effected on the
incoming signals may not be individualized for each sub-
channel. Consequently, 1f a channel comprises diverse sub-
channels, 1.e. supports different independent incoming sig-
nals that may 1in principle necessitate individualized
processing, the processing effected on board 1s unique for
each channel; 1t 1s theretfore 1dentical for all the sub-channels.

The drawbacks that follow on from these technologies are
essentially retlected 1n a lack of flexibility in use and a deficit
in terms of connectivity between the various input and output
spots, notably because of the impossibility of managing the
routing ol sub-channels 1n an individualized manner.

These technologies are therefore incompatible with
present-day needs, which call for more and more numerous
inputs and outputs, and thus more and more connectivity, as
well as more and more security, and thus high channel widths.

As a partial remedy to these drawbacks, the prior art has
already adopted the use of digital transparent processors, the
operation of which 1s 1llustrated by FIG. 2.

The FIG. 2 diagram 1s a very simplified representation of a
recent communication satellite payload having a set of input
spots IN, each input being associated with one or more 1nput
channels or sub-channels I1-IX, and a set of output spots
OUT to which are connected one or more output channels or
sub-channels O1-OY. The payload represented in FIG. 2 fur-
ther includes a digital transparent processor DTP0. The use of
digital transparent processors in the recent prior art enables
the problem of the multiplicity of connectivities to be partly
solved. Thus the digital transparent processor DTPO 1s
capable of managing individually the channels and sub-chan-
nels I1-1X, applying to them individualized digital processing
and an individualized gain, and connecting them to any output
channel or sub-channel O1-OY. Thus the digital transparent
processor DTPO enables routing and control of channels or
sub-channels from any input access or spot IN to any output
access or spot OUT, and positioning 1t in any part of the output
spectrum, 1.e. at any compatible frequency of the output spots
OUT. This type of technology also enables optimization of
the capacity of modern communication satellites because of
the possibility of adjusting the gain associated with each
channel or sub-channel.

The problem with present-day digital transparent proces-
sors DTPO lies 1n the fact that they enable only “static’ rout-
ing of channels. The configuration for routing signals on
board the satellites 1s fixed; it can be modified 1n use only at
the cost of a slow reconfiguration, typically taking an hour,
which 1s totally incompatible with the rapidity at which the
incoming signals fluctuate. Accordingly, 11 signals transmiut-
ted by transmitter stations toward the satellite go to the “Ire-
quency hopping” mode, the total bandwidth occupied by the
signals, called the “frequency hopping band”, becomes much
larger than the band occupied by a signal at a given time,
which for its part depends essentially on the quantity of infor-
mation to be transmitted. With a digital transparent processor
DTPO, the routing configuration on board the satellite 1s fixed
or slowly reconfigurable; the channel configuration of the
satellite must therefore be adapted to the hopping band, which
imposes relatively wide channels or sub-channels and there-
fore relatively few channels or sub-channels for a limited
satellite bandwidth. In contrast, if the channel configuration 1s
rendered rapidly reconfigurable by an agile digital transpar-
ent processor, as recommended by the present invention and
in accordance with the description given heremnatter of FIG.
3, the sub-channel configuration may track rapid fluctuations
of the uplink signal and adapt to the really useful band of the
signal at a given time, called the “instantaneous usetul band”.
This instantaneous band being smaller by one to three orders
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of magnitude than the hopping band, the number of sub-
channels may be increased by one to three orders of magni-
tude, enabling an increase 1n connectivity also by one to three
orders of magnitude.

The frequency plan that the digital transparent processor
DTPO0 must use 1s then defined by remote control from said
transmitter stations. Accordingly, present-day digital trans-
parent processors DTPO offer no capacity for processing and
transmission on board the satellite of signals 1n “frequency
hopping” mode; they can route them only by enlarging the
sub-channels to a bandwidth at least equal to the hopping
band, losing the advantage of increased connectivity achieved
by the sub-channel configuration of the DTPO.

Moreover, if the sub-channels X1-IX have gone to the
“frequency hopping” mode and are liable to be routed to
different outputs of the digital transparent processor DTP0
and thus to different channels or sub-channels O1-0Y, this
constraint 1mposes switching of all the channels and sub-
channels concemed to the “frequency hopping” mode,
including on the downlink, 1.e. at the output of the commu-
nication satellite, which may rapidly lead to having all of the
traffic processed 1n the digital transparent processor DTP0
that switches to the “frequency hopping” mode to prevent
collisions at the output spots OUT.

Because of this, even 11 the use of “frequency hopping”
communication 1s useful above all for the uplink to the satel-
lite, the downlink will also be 1n “frequency hopping™ mode.

Consequently, as soon as a few sub-channels have gone to
the “frequency hopping” mode, 1t 1s no longer possible to
manage the sub-channels individually with the digital trans-
parent processors D'TP0 of the present-day generation. This 1s
reflected 1n an overconsumption of bandwidth on the down-
link from the satellite.

It 1s to alleviate the drawbacks referred to above of present-
day digital transparent processors that, in the context of the
present invention, so-called agile digital transparent proces-
sors have been developed. These agile digital transparent
processors have the advantage of being reconfigurable very
rapidly and 1n particular of being able to adapt to each fre-
quency hop.

FIG. 3 shows diagrammatically the operation of payloads
equipped with agile digital transparent processors.

The payload shown partly and diagrammatically 1n FIG. 3
has a set of input spots I1, 12, I3 and a set of output spots O1,
02, O3. The mnput channels and sub-channels 11, 12, I3 and
the output channels and sub-channels O1, O2, O3 may have a
bandwidth of several hundred megahertz. The digital trans-
parent processor DTP1 has the particular feature of being
“agile”, 1.e. of being reconfigurable very rapidly.

Thus the agile digital transparent processor DTP1 1s
capable of managing in parallel channels or sub-channels 1n
“frequency hopping” mode, for example 11, and others oper-
ating at fixed frequencies, for example 12 and 13. In fact, the
digital transparent processor DTP1 of the invention may be
configured by means of a device C1RL, preferably an
onboard device, enabling reconfiguration 1n real time of the
routing of signals on board the satellite. In a preferred
embodiment of the invention, the reconfiguration of the rout-
ing of signals on board the satellite by the agile digital trans-
parent processor DTP1 1s synchronized to the timing of the
changes of frequency when uplink signals to the satellite are
in “frequency hopping” mode. As FIG. 3 shows, the agile
digital transparent processor DTP1 has a set of mput sub-
channels IDTP and a set of output sub-channels ODTP. The
onboard signal routing configuration consists, as the arrows
in FIG. 3 show, in managing connectivity on board the satel-
lite: the mput channels or sub-channels 11, 12, I3 are pro-
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6

cessed and connected to output channels or sub-channels O1,
02, O3. The particular feature of the invention lies in the
facility offered by the agile digital transparent processor
DTP1 of very rapidly modifying said signal routing configu-
ration on board the satellite and the positioning 1n frequency
terms of the downlink signals. This variable frequency posi-
tioning of the output signals of the agile digital transparent
processor D'TP1 may constitute a complete despreading, for
fixed-frequency signals, or a respreading different from the
uplink spreading through rapid control of the frequency posi-
tion of each signal.

To provide this function, the invention relies on the use of
the control device CTRL, which 1s preferably synchronized to
the frequency changes of the uplink signals, enabling real
time modification of the signal routing configuration on board
the satellite by the digital transparent processor DTP1. To this
end, a dedicated high-speed communication link enables the
control device CTRL to track the information relating to the
frequency changes of the uplink signals, said information
being transmitted by the ground stations transmitting the
uplink signals in “frequency hopping” mode.

It should be noted that, 1n this context, the dedicated high-
speed link must be consistent with the timing of the frequency
changes of the uplink signals, said uplink signals having to be
synchronized with the same clock reference, and said clock
reference also having to be distributed on board the satellite.
This enables the possibility of synchronizing the timing of
signal routing reconfiguration on board the satellite via the
agile digital transparent processor DTP1 to the timing of the
frequency changes of the uplink signals 1 “frequency hop-
ping’ mode to be guaranteed.

To summarize, the present innovation consists in the devel-
opment and the use of agile digital transparent processors 1n
the context of communication satellites.

The invention has the major advantage of enabling decor-
relation of the spreading band of the uplink, also called the
hopping band, and the band used for routing the signal in the
satellite. The band used on the downlink may also be limited
to the instantaneous useful band or widened by spreading
generated by the variable frequency positioning at the output
of the agile DTP. Because of this, the invention enables opti-
mization, on the one hand, of the protection capacities of
communication satellites, by the possibility of spreading of
the uplink 1n a wide band and that, on the other hand, of the
connectivity capacities and total capacity of said communi-
cation satellites, as the number of sub-channels can be
increased and the bandwidth used on the downlink can be
limited to the instantaneous useful communication band and
not extended to the spreading band of the uplink.

The invention claimed 1s:

1. A signal routing device for a satellite, the device com-
prising:

a digital transparent processor;

wherein the device enables reception at a set of inputs of a

set of incoming signals transmitted by transmitter sta-
tions and transmission via a set of outputs, of a corre-
sponding set of outgoing signals to recerving stations, in
accordance with a configuration for routing the signals,
used by said digital transparent processor;

wherein said inputs are associated with a set of input chan-

nels and sub-channels and said outputs are associated
with a set of output channels and sub-channels, said
signal routing configuration making 1t possible to deter-
mine a set of routes linking, via connecting electronic
means, at least one iput channel or sub-channel (I1)
associated with at least one input via which an incoming
signal 1s received to at least one output channel or sub-
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channel associated with at least one output via which an 2. The device as claimed 1n claim 1, wherein the routing
outgoing signal 1s transmitted; reconfiguration frequency 1s in the range from one kilohertz
wherein the digital transparent processor has a capacity for ~ to twenty kilohertz.
rapid reconfiguration of signal routing at a reconfigura- 3. The device as claimed in claim 1, further comprising an
tion frequency exceeding ten hertz so that a route 5 onboardequipment in the satellite adapted to execute a com-
between an 1nput channel or sub-channel and an output puter program cooperating with said digital transparent pro-

cessor for making use of the capacity for rapid reconfigura-
tion of signal routing.
4. The device as claimed in claim 1, wherein a plurality of
10 mmcoming signals that must take the same route may be
grouped 1n such a manner that only one outgoing signal
corresponding to said grouped incoming signals 1s transmit-
ted.
5. The device as claimed 1n claim 1, wherein, for each
15 route, the connection electronic means comprises a chain of
clectronic components configured to provide the following
functions:
filtering the incoming signals to extract those signals and
produce first intermediate signals;
20  controlling the power of the first intermediate signals to
produce second mtermediate signals;
changing the frequency of the second intermediate signals
to produce third intermediate signals; and
controlling the gain of the third intermediate signals to
25 produce outgoing signals with a required power.

channel or sub-channel may be modified at a frequency
equal to said reconfiguration frequency; and

wherein the device 1s configured to make use of said capac-
ity for rapid reconfiguration of signal routing, the device
further comprising means for synchronizing rapid
reconfiguration of signal routing to a frequency chang-
ing law of the incoming signals transmitted by one or
more transmitter stations configured 1n frequency hop-
ping mode, said means for synchronizing rapid recon-
figuration of signal routing to a frequency changing law
for incoming signals transmitted by one or more trans-
mitter stations configured in frequency hopping mode
comprises a dedicated high-speed communication link
enabling said transmitter stations configured in fre-
quency hopping mode to communicate to said means
istructions for rapid reconfiguration of signal routing
adapted to said frequency changing law, wherein said
dedicated high-speed communication link enables a
communication data rate in the range from a few kilobaits
to a few tens of megabits per second. S I T
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